Introduction
Clear cell renal cell carcinoma (ccRCC) is the most commonly observed carcinoma of the renal parenchyma, accounting for ~70% of renal cancer cases (1) . Among urinary system tumors, the incidence of ccRCC is the third highest. Furthermore, ccRCC accounts for ~3% of adult cancer cases, and its mortality rate is on the increase (2,3). Although treatment is typically administered in the form of surgery combined with chemotherapy and radiotherapy, the median survival rate of ccRCC remains poor (4, 5) . Therefore, the development of effective therapeutic targets for ccRCC is urgently required.
MicroRNAs (miRs) are a type of small non-coding RNA (19) (20) (21) (22) (23) (24) (25) nucleotides) that possess prominent roles in the regulation of genes (6) . MiRs typically inhibit gene expression by directly binding the 3'-untranslated region of their target messenger (m)RNAs, causing repression of translation or mRNA degradation (7) . Deregulation of miRs has been revealed to have a significant role in tumorigenesis (8) . In addition, the expression of miRs is regulated by the DNA methylation status in the CpG island of the promoter region, similar to protein-encoding genes, which are involved in the development and progression of human cancer (9) . Therefore, epigenetic drugs, including the demethylation drug 5-Aza-2'-deoxycytidine (Aza), may be utilized for the treatment of human cancer, via mediation of the expression levels of tumor-associated miRs.
Deregulation of miR-200c has been identified to be associated with various types of human cancer, including ovarian, breast, prostate, gastric and bladder cancer (10) (11) (12) (13) (14) . miR-200c has been identified as being frequently downregulated in ccRCC (15) . Furthermore, loss of miR-200c expression was observed to cause gain of function of oncogenes in ccRCC (16) . Accordingly, the present study examined whether miR-200c acts as a tumor suppressor in ccRCC. However, the role of miR-200c in the regulation of ccRCC metastasis, as well as the epigenetic regulatory mechanism, has not previously been reported to the best of our knowledge.
The present study primarily aimed to evaluate the effect of epigenetic drug treatment on miR-200c expression in ccRCCs. The role of miR-200c in the regulation of migration, invasion Demethylation drug 5-Aza-2'-deoxycytidine-induced upregulation of miR-200c inhibits the migration, invasion and epithelial-mesenchymal transition of clear cell renal cell carcinoma in vitro and epithelial-mesenchymal transition (EMT) in ccRCC cells was additionally studied. 
Materials and methods

Reagents
Reverse transcription-polymerase chain reaction assay.
According to the manufacturer's protocol, total RNA was extracted from tissues and cells using TRIzol ® reagent (Thermo Fisher Scientific, Inc.) The SYBR ® GreenER™ miRNA qRT-PCR Kit (Thermo Fisher Scientific, Inc.) and Prism 7500 SDS (Applied Biosystems; Thermo Fisher Scientific, Inc.) were used to convert RNA into cDNA, according to the manufacturer's protocol. A negative control (no RNA) and a reverse transcription-negative control were used. Subsequently, the miRNA levels were evaluated using the miRNeasy mini kit (Qiagen, Inc.). The U6 small nuclear RNA was used for normalization. Specific primer sets for miR200c (cat. no. HmiRQP0227) and U6 (cat. no. HmiRQP900) were obtained from GeneCopoeia, Inc., Rockville, MD, USA. The PCR cycling conditions were as follows: 95˚C for 5 min, 40 cycles of denaturation at 95˚C for 15 sec and an annealing/ elongation step at 60˚C for 30 sec. The relative expression of miRNA was quantified using the 2 -ΔΔCq method (17) .
Western blot analysis. Western blot analysis was applied to examine the protein expression levels in each group. The cells were lysed in cold radioimmunoprecipitation assay buffer (Beyotime Institute of Biotechnology, Shanghai, China). The BCA Protein Assay kit was utilized to determine the protein concentration in accordance with the manufacturer's protocol. Subsequently, the protein was separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and transferred to a polyvinylidene difluoride (PVDF) membrane. The PVDF membrane was blocked by 5% non-fat dried milk in phosphate-buffered saline (PBS) for 4 h. Subsequently, the PVDF membrane was incubated with specific primary antibodies [mouse anti-human E-cadherin (cat. no. Wound scratch assay. A wound scratch assay was performed to determine the cell migratory capacity of each group. Cells were cultured to 100% confluence, and a wound of ~1 mm width was made using a plastic scriber. Subsequently, the cells were washed with PBS and cultured at 37˚C with 5% CO 2 for 36 h. Following culturing, the cells in each group were fixed and observed under a microscope (CX41; Olympus Corporation, Tokyo, Japan).
Cell invasion assay. The cells treated with 0.1, 1 and 10 nM Aza for 72 h were starved in serum-free medium for 24 h, and subsequently re-suspended in serum-free medium. The cells were added to the upper Transwell chamber, while the lower chamber was filled with base medium containing 10% FBS. Following incubation for 24 h, cells that had migrated to the lower chamber were stained with crystal violet (Beyotime Institute of Biotechnology) for 20 min, and subsequently washed and air-dried. Invasive cells were observed under a microscope.
Statistical analysis. Data were expressed as the mean ± standard deviation of three independent experiments, and analyzed using SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). The differences between groups were determined using one-way analysis of variance. P<0.05 was considered to indicated a statistically significant difference. is mediated by methylation has not been previously studied to the best of our knowledge. In the present study, A704 and TK10 cells ccRCC were treated with demethylation drug Aza. Following treatment with Aza (0.1, 1 and 10 nM) for 72 h, the expression levels of miR-200c were examined in each group. As shown in Fig. 2 , the expression levels of miR-200c were significantly increased following treatment with Aza. Furthermore, the higher the concentration of Aza used, the higher the observed expression levels of miR-200c in the two ccRCC cell lines (Fig. 2) . According to the above data, 10 nM Aza was used in the subsequent experiments.
Results
miR-200c is frequently downregulated in ccRCC tissues
miR-200c has an inhibitory role in the regulation of ccRCC cell migration.
Cell migration has a significant role in tumor metastasis (19) . Therefore, the present study investigated the effect of Aza treatment on ccRCC cell migration. As shown in Fig. 3A , treatment with Aza significantly inhibited the migration of ccRCC cells. Subsequently, it was investigated whether Aza-induced inhibition of cell migration was due to upregulation of miR-200c. Aza-treated ccRCC cells were transfected with miR-200c inhibitor, which is able to reverse upregulation of miR-200c induced by treatment with Aza (Fig. 3B) . It was subsequently identified that migration was significantly increased in the Aza + miR-200c inhibitor group compared with the Aza alone group (Fig. 3C) , suggesting that the inhibitory effect of Aza treatment on ccRCC cell migration may be at least partly attributed to Aza-induced upregulation of miR-200c. Therefore, miR-200c possesses a suppressive role in the regulation of ccRCC cell migration.
Upregulation of miR-200c induced by demethylation drug inhibits ccRCC cell invasion.
As cell invasion additionally participates in tumor metastasis, the present study (Fig. 4) . Based on these findings, it was suggested that miR-200c possesses an inhibitory role in the regulation of ccRCC cell invasion.
miR-200c has a suppressive effect on EMT in ccRCC cells.
Furthermore, the effects of Aza treatment and miR-200c on EMT were investigated in ccRCC cells. The protein expression levels of E-cadherin and N-cadherin, which are associated with EMT, were determined. As shown in 
Discussion
In the present study, it was demonstrated that the expression levels of miR-200c were significantly reduced in ccRCC tissues and cell lines, when compared with the levels in adjacent normal tissues and the normal renal cell line. In addition, it was identified that treatment with the demethylation drug Aza markedly upregulated the expression of miR-200c in ccRCC cells. Furthermore, the upregulation of miR-200c induced by Aza treatment markedly inhibited the migration, invasion and EMT in ccRCC cells, while the knockdown of miR-200c significantly promoted the migration, invasion and EMT in ccRCC cells, suggesting that miR-200c potentially acted as a tumor suppressor in the regulation of ccRCC metastasis.
Nakada et al (15) investigated the expression profiles of miRs in renal cell carcinoma, including ccRCC and chromophobe renal cell carcinoma, and identified that miR-200c was significantly downregulated in ccRCC. In addition, Senanayake et al (20) identified that miR-200c was downregulated and its target Activin A Receptor, Type IIB was markedly expressed in renal childhood neoplasms (20) . In the present study, it was additionally demonstrated that miR-200c was DNA methylation in the CpG island of the gene promoter is the most frequent epigenetic modification in eukaryotic genomes, and hypermethylation typically inhibits gene transcription (21) . However, the epigenetic regulatory mechanism underlying miR-200c expression has not been previously studied in human cancer to the best of our knowledge. Aza is a DNA methyltransferase inhibitor, which may cause DNA demethylation (22) . In the present study, it was observed that treatment with Aza significantly promoted the expression of miR-200c, in a dose-dependent manner. Accordingly, the gene transcription of miR-200c in ccRCC cells was mediated by the DNA methylation status in the CpG island of the promoter region. Furthermore, as the expression of miR-200c was frequently reduced in ccRCC tissues and cell lines, the results of the present study suggested that hypermethylation of the miR-200c promoter may be a significant cause of downregulation of miR-200c in ccRCC.
Subsequently, the present study identified a significant decrease in the migration and invasion in ccRCC cells treated with Aza. However, knockdown of miR-200c enhanced ccRCC cell migration and invasion. As Aza treatment markedly upregulated the expression levels of miR-200c, the results of the present study suggest that miR-200c may have a suppressive effect on ccRCC cell migration and invasion, and the inhibitory effect of Aza treatment on ccRCC cell migration and invasion may be partly due to the direct upregulation of miR-200c expression levels. A suppressive role of miR-200c in cell migration and invasion has additionally been identified in other types of human cancer (23, 24) . Liu et al (13) identified that miR-200c inhibited invasion, migration and proliferation of bladder cancer cells. Li et al (25) showed that miR-200c inhibited metastasis and invasion of human non-small cell lung cancer cells (25) . Therefore, the present study expanded the current understanding of miR-200c functioning in human cancer.
N-cadherin is a cytoskeletal linker protein, which has a critical role in the regulation of cell motility (26) . E-cadherin is a cell-cell adhesion molecule, and its upregulation promotes cell adhesion, while inhibiting cell motility (27, 28) . In the present study, it was observed that treatment with Aza led to a decreased expression of N-cadherin with an increased expression of E-cadherin in ccRCC cells, indicating that EMT was suppressed. By contrast, the knockdown of miR-200c resulted in an increased N-cadherin expression with a reduced E-cadherin expression in ccRCC cells, indicating the EMT was upregulated. As Aza treatment also enhanced miR-200c expression in ccRCC cells, the results of the present study suggest that the inhibitory effect of miR-200c on ccRCC cell migration and invasion may be partly due to inhibition of the EMT.
In conclusion, the present study has demonstrated that miR-200c was significantly downregulated in cells due to the hypermethylation status of its promoter. Furthermore, the upregulation of miR-200c induced by epigenetic drug treatment inhibited the migration, invasion and EMT of ccRCC cells. Therefore, epigenetic drugs that are able to mediate the expression of miR-200c may be utilized for the treatment of ccRCC metastasis.
